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Description 

[0001] The invention relates to a combined heat and 
power plant, comprising: an internal combustion turbine; 
a steam boiler; a main line which connects an outlet of 5 
the internal combustion turbine to an inlet of the boiler, 
for discharging gases from the internal combustion tur- 
bine to the boiler; a main line valve, accommodated in 
the main line, for opening and closing the latter in a con- 
trollable manner; an air supply line which opens out into 10 
the main line downstream of the main line valve, and in 
which a fan for supplying combustion air to the main line 
is accommodated; an air supply line valve, accommo- 
dated in the air supply line downstream of the fan, for 
opening and closing the air supply line in a controllable 
manner; a burner accommodated in the main line down- 
stream of the air supply line and a line conducting the 
gases from the internal combustion turbine into the at- 
mosphere, which line is fitted between the internal com- 
bustion turbine and the main line valve and in which a 
valve is accommodated for opening and closing the line 
in a controllable manner. The invention also relates to a 
method for operating such a combined heat and power 
plant. 

[0002] A combined heat and power plant generally 
comprises an internal combustion turbine connected to 
an electric generator. Instead of an internal combustion 
turbine, another internal combustion engine, such as a 
piston engine, can also be used. Where an internal com- 
bustion turbine is mentioned in this document, this term 
also includes any other internal combustion engine. 
[0003] In a very simple embodiment, in which the 
main line valve, the fan , the air supply line, the air supply 
line valve and the burner are absent, the flue gases from 
the internal combustion turbine are discharged directly 
by way of a main line to a steam boiler, below simply 
called a boiler. The main line per se can comprise sev- 
eral parallel lines. In this arrangement the internal com- 
bustion turbine and the boiler can only be in operation 
simultaneously. 

[0004] If the public electric power supply is unreliable, 
it is desirable also to be able to have the internal com- 
bustion turbine in operation separately, with the boiler 
out of operation. For this purpose, in the arrangement 
according to the previous paragraph the main line be- 
tween the internal combustion turbine and the boiler is 
provided with a branch line which discharges the flue 
gases into the atmosphere and which can process the 
maximum output of flue gases and can be shut off and 
opened by means of a branch line valve. In addition to 
this, a main line valve is accommodated in the main line, 
downstream of the branch line, for opening and closing 
of the main line. In practice, the branch line valve and 
the main line valve can be combined to form one 
change-over valve, which shuts off the main line when 
the branch line is opened and shuts off the branch line 
when the main line is opened. This means that the in- 
ternal combustion turbine can either be operated in iso- 



lation or in parallel with the boiler, with free discharge of 
the flue gases being ensured in both operating situa- 
tions ( see DE-B-2 609 522). 

[0005] If high standards are set for the reliability and 
the availability of the combined heat and power plant, in 
particular the availability of its heat supply, it must be 
ensured that the boiler can remain in operation despite 
the fact that the internal combustion turbine may break 
down , preferably without a significant change in the sup- 
ply of heat to the boiler. For this purpose, the plant sup- 
plied with a branch line has a burner and a fan added to 
it. The burner is accommodated in the main line between 
the branch line and the boiler, while the fan can intro- 
duce combustion air into the main line at a point between 
the main line valve and the burner, by way of an air sup- 
ply line in which a valve is accommodated. If the internal 
combustion turbine is not available or breaks down, the 
combination of the burner and the fan supplies the nec- 
essary hot flue gases to keep the boiler in operation. 
[0006] In order to minimize disruptions in the steam 
supply by the steam boiler as far as possible during a 
"flying" takeover (= during operation) by the burner from 
the internal combustion turbine, the valve in the branch 
line must be controllable, in addition to a change-over 
valve possibly also being present. This change-over 
valve can also be replaced by a controllable main line 
valve. Since in such a circuit it must be prevented in all 
circumstances that the flue gases coming from the in- 
ternal combustion turbine are blocked when both the 
branch line valve and the main line valve are closed, the 
branch line valve is provided with an emergency open- 
ing function, which goes into operation when a certain 
pressure downstream of the internal combustion turbine 
is exceeded. 

[0007] The circuit described in the previous para- 
graph makes isolated operation of the internal combus- 
tion turbine or isolated operation of the boiler possible, 
and also parallel operation of the internal combustion 
turbine and the boiler. Even if isolated operation of the 
internal combustion turbine is not necessary, when a 
change-over is made from parallel operation of the in- 
ternal combustion turbine and the boiler to isolated op- 
eration of the boiler, the branch line is necessary for re- 
placing the flue gas stream from the internal combustion 
turbine to the boiler in a controlled manner by the flue 
gas stream from the burner. The branch line is also nec- 
essary when a change-over is made from isolated op- 
eration of the boiler to parallel operation of the internal 
combustion turbine and the boiler, in the case of which 
the flue gas stream from the burner to the boiler is re- 
placed in a controlled manner by the flue gas stream 
from the internal combustion turbine. Moreover, the 
branch line is necessary for running down and cooling 
off the internal combustion turbine after it has been sep- 
arated from the boiler. 

[0008] A disadvantage of the use of a branch line is 
that the valve(s) with its/their seal(s) start(s) to leak, 
which in the case of parallel operation of the internal 
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combustion turbine and the boiler leads to loss of effi- 
ciency which increases exponentially with increasing 
size of the valves used. 

[0009] If isolated operation of the internal combustion 
turbine is not necessary, a branch line with valve(s) is 5 
still necessary for putting the internal combustion tur- 
bine and the burner into and out of operation in a con- 
trolled manner and for running down the internal com- 
bustion turbine after it has been separated from the boil- 
er. However, incorporating the branch line and all the 
ancillary facilities requires considerable capital invest- 
ment. 

[0010] Another disadvantage of the combined heat 
and power plant according to the prior art is that for safe 
operation it requires complicated control, regulation and 
protection. 

[001 1 ] The object of the invention is to provide a com- 
bined heat and power plant which has greatly reduced 
leakage losses, is considerably cheaper, and the regu- 
lation, control and protection of which can be achieved 
in a considerably simpler way. 
[0012] To that end, the combined heat and power 
plant according to the invention is characterized in that 
the line conducting the gases into the atmosphere is de- 
signed as a blow-off line with a blow-off line valve, 
whereby the blow-off line being adapted to discharge at 
most the gas output generated by the internal combus- 
tion turbine at a blow-off rotational speed which is iower 
than the nominal rotational speed. In particular, the 
blow-off rotational speed is substantially equal to the 
starting rotational speed at which the internal combus- 
tion turbine is started up. For an internal combustion tur- 
bine, this starting rotational speed is lower than about 
one thousand revolutions per minute, in particular be- 
tween about five hundred and eight hundred revolutions 
per minute. 

[001 3] I n the combined heat and power plant accord- 
ing to the invention, the branch line with a branch line 
valve customary in the prior art has been dispensed both 
of which having to be designed for the discharge of the 
flue gas stream from the internal combustion engine 
when the latter is underfull load, According to the inven- 
tion it is provided that the above mentioned blow-off line 
and the above mentioned blow-off line valve need only 
to be designed for the discharge of the gas stream from 
the internal combustion turbine at its (relatively low) 
blow-off rotational speed, which gas stream consists 
mainly of air and possibly combustible residual gas com- 
ponents to be vented out, and not of hot flue gases. The 
invention is partly based on the insight that the hot flue 
gases from the internal combustion engine can be dis- 
charged by way of the main line and the steam boiler 
during all operational processes and in all operational 
states of the plant. When the internal combustion engine 
has been started up and therefore fires and produces 
flue gases, the blow-off line valve is fully closed and the 
main line valve is open. For example, when the internal 
combustion engine is being put into planned operation, 



its outlet is already connected to the inlet of the steam 
boiler, the blow-off line valve is already fully closed and 
the main line valve is already opened before the internal 
combustion engine is started up. The hot flue gases in 
that case and also in other operating states need not be 
discharged through the blow-off line. 
[001 4] The blow-off line between the internal combus- 
tion engine and the main line valve is the line descend- 
ing from the main line with the highest gas throughput 
capacity, higher than that of any other descending line. 
The blow-off line can be produced cheaply, owing to the 
relatively low standards which it has to meet. 
[0015] In the combined heat and power plant accord- 
ing to the invention, isolated operation of the internal 
combustion engine is not possible, but this is not re- 
quired in many applications anyway, for example when 
a reliable public electric power supply is available, or 
when the continuity of the electric energy supplied by 
the internal combustion engine is not critical. The con- 
trol, regulation and protection can consequently be pro- 
vided in a simpler and cheaper form. The main line valve 
does have emergency opening means provided, in or- 
der to protect the internal combustion engine. 
[0016] In a preferred embodiment, the characteristic 
of the fan is selected in such a way that the output of 
the fan falls when there is an increase in pressure at the 
delivery side of the fan. 

[001 7] The invention is explained in greater detail be- 
low with reference to the appended drawing, in which: 

Fig. 1 shows diagrammatically a circuit of a com- 
bined heat and power plant according to the prior 
art; and 

Fig. 2 shows diagrammatically a circuit of a com- 
bined heat and power plant according to the inven- 
tion. 

[0018] In the different figures, identical reference nu- 
merals relate to identical parts or parts with an identical 
function. 

[0019] Fig. 1 shows a conventional combined heat 
and power plant with an internal combustion turbine 1 , 
which is connected to an electric generator 2 for gener- 
ating electric energy. Flue gases coming from the inter- 
nal combustion turbine 1 are discharged through a main 
line 3 to a steam boiler 4. A regulable main line valve 5, 
which can shut off the main line 3 fully or partially to an 
extent to be predetermined (by means of a regulating 
mechanism 5a), is accommodated in the main line 3. 
[0020] A branch line 6 is fitted between the internal 
combustion turbine 1 and the main line valve 5, which 
branch line leads to a stack 7, which discharges the 
spent gases into the atmosphere (also known as an 
emergency stack or bypass stack). Such a stack 7 nor- 
mally has a diameter of several metres, generally three 
to four metres, and represents a considerable capital in- 
vestment. A regulable branch line valve 8 is accommo- 
dated in the branch line 6, which valve can fully or par- 
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tially shut off the branch line 6 to an extent to be prede- 
termined (by means of a regulating mechanism 8a), in 
coordination with the position of the main line valve 5. 
The branch line valve 8 is provided with emergency 
opening means 8b which react to the pressure in the 
main line 3 between the internal combustion turbine 1 
and the main line valve 5 rising above a certain value, 
by opening the branch line valve 8. In the designing of 
combined heat and power plants with a main line valve 
5 according to the prior art, it has always been assumed 
that the emergency opening means 8b has to be capa- 
ble of discharging the full exhaust capacity of the Internal 
combustion turbine 1 directly to the atmosphere. 
[0021] An air supply line 9, which opens out into the 
main line 3 is installed between the main line valve 5 
and the boiler 4, by way of which air supply line com- 
bustion air can be forced by means of a fan 1 0 into the 
main line 3. A regulable air supply line valve 11 , which 
can fully or partially shut off the air supply line 9 to an 
extent to be predetermined (by means of a regulating 
mechanism 1 1 a), in coordination with the position of the 
main line valve 5, is accommodated in the air supply line 
9. 

[0022] An auxiliary burner 1 2 is accommodated in the 
main line 3 between the air supply line 9 and the boiler 
4. The auxiliary burner 1 2 receives fuel by way of a line 
13. 

[0023] For starting up of the internal combustion tur- 
bine 1 in isolated operation, the branch line valve 8 is 
opened and the main line valve 5 is closed, and this state 
is maintained while the internal combustion turbine 1 is 
being brought up to the desired load and during normal 
operation thereafter. 

[0024] For starting up of the internal combustion tur- 
bine 1 in parallel operation of the internal combustion 
turbine 1 and the boiler 4, the branch line valve 8 is 
opened and the main line valve 5 is closed, or vice versa. 
The internal combustion turbine 1 is put into operation 
up to a minimum electric load of a few per cent. If the 
internal combustion turbine is started up on the branch 
line 6, the main line valve 5 is then opened and the 
branch line valve 8 is closed. The boiler 4 can now be 
put into operation, after which the internal combustion 
turbine 1 is brought up to the desired load. The load of 
the boiler 4 follows the load of the internal combustion 
turbine 1 . 

[0025] When stopping the plant when the internal 
combustion turbine 1 and the boiler 4 are in parallel op- 
eration, the internal combustion turbine 1 is brought 
down to a minimum load, after which it is put out of op- 
eration. The boiler 4 is then put out of operation. In this 
case also, the load of the boiler 4 follows the load of the 
internal combustion turbine 1 . 

[0026] If the internal combustion turbine 1 and the 
boiler 4 are both in operation and the internal combus- 
tion turbine 1 unexpectedly breaks down, it will run down 
through its mass inertia. The output and the temperature 
of the gases coming from the internal combustion tur- 



bine 1 fall in the process. In order to minimize the dis- 
ruption to the steam production of the boiler 4, a change- 
over is made to the auxiliary burner 1 2. For this purpose, 
the following occurs in a predetermined manner: 

5 

the fan 1 0 is put into operation; 
the air supply line valve 11 is opened; 
the main line valve 5 is closed; and 
the auxiliary burner 12 is put into operation and 
10 brought up to load. 

[0027] If the internal combustion turbine 1 and the 
boiler 4 are both in operation and the internal combus- 
tion turbine 1 is put out of operation in a planned manner 
15 without putting the boiler 4 out of operation, the following 
occurs in a predetermined manner: 

- the fan 10 is put into operation; 

the air supply line valve 1 1 is opened; 
20 - the main line valve 5 is closed on the basis of a reg- 
ulation which keeps the pressure upstream of the 
boiler 4 constant; 

the branch line valve 8 is opened on the basis of a 
regulation which keeps the pressure in the main line 
25 upstream of the main line valve 5 constant; and 

the internal combustion turbine 1 is put out of oper- 
ation. 

[0028] If the auxiliary burner 12 and the boiler 4 are 
30 in operation, and the internal combustion turbine 1 is put 
into operation in a planned manner to take over the op- 
eration of the auxiliary burner 12, the following occurs 
in a predetermined manner: 

35 - the internal combustion turbine 1 is put into opera- 
tion in the manner described earlier, by way of the 
branch line 6, the branch line valve 8 being opened 
and the main line valve 5 being closed; 
the branch line valve 8 is closed to such an extent 

40 that there is no longer any pressure difference 
across the main line valve 5; 

- the air supply line valve 1 1 is closed in a predeter- 
mined manner; 

the main line valve 5 is opened on the basis of a 
45 regulation which keeps the pressure in the main line 
3 upstream of the boiler 4 constant; 
the branch line valve 8 is closed further on the basis 
of a regulation which keeps the pressure in the main 
line 3 upstream of the main line valve 5 constant; 
50 and 

the fan 1 0 is put out of operation . 

[0029] Fig. 2 shows a combined heat and power plant 
according to the invention, with the internal combustion 
55 turbine 1 connected to the electric generator 2. Flue gas- 
es coming from the internal combustion turbine 1 are 
discharged through the main line 3 to the steam boiler 
4. The regulable main line valve 5' is accommodated in 
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the main line 3, which valve can fully or partially shut off 
the main line 3 to an extent to be predetermined (by 
means of a regulating mechanism 5'a). The main line 
valve 5' is provided with emergency opening means 5'b, 
which react by opening the main line valve 5' when the 
pressure in the main line 3 between the internal com- 
bustion turbine 1 and the main line valve 5' rises above 
a certain value. It has been found that the emergency 
opening means 5'b, which discharge flue gases through 
the steam boiler 4, ensure safe operation of the com- 
bined heat and power plant and permit reliable and ef- 
ficient operation of the plant (in particular also (isolated) 
operation of the steam boiler 4). 
[0030] The air supply line 9, which opens out into the 
main line 3, is installed between the main line valve 5' 
and the boiler 4, by way of which air supply line com- 
bustion air can be forced into the main line 3 by means 
of the fan 10. The regulable air supply line valve 11 is 
accommodated in the air supply line 9, which valve can 
fully or partially shut off the air supply line 9 to an extent 
to be predetermined (by means of a regulating mecha- 
nism 11a), in coordination with the opening position of 
the main line valve 5'. 

[0031] The auxiliary burner 12 is accommodated in 
the main line 3 between the air supply line 9 and the 
boiler 4. The auxiliary burner 12 receives fuel byway of 
the line 13. 

[0032] Between the internal combustion turbine 1 and 
the main line valve 5\ the main line 3 is provided with a 
blow-off line 14, in which a regulable blow-off line valve 
15 is accommodated, which valve can fully or partially 
shut off the blow-off line to an extent to be predeter- 
mined (by means of a regulating mechanism 15a). 
[0033] When the plant according to Fig. 2 is compared 
with the plant according to Fig. 1 , it is immediately clear 
that in Fig. 2 a branch line and a branch line valve are 
absent and have been replaced by a blow-off line 14 
with a blow-off line valve 15. The blow-off line 14 has a 
considerably lower capacity than the branch line 6 ac- 
cording to Fig. 1 , and the blow-off line valve 15 is con- 
siderably smaller and simpler than the branch line valve 
8 according to Fig. 1 . The capacity of the blow-off line 
14 is approx. 15 to 20 per cent of the capacity of the 
main line 3. This capacity is sufficient for blowing off the 
gas output, which is blown off at higher blow-off rotation- 
al speeds (up to approx. 1000 revolutions per minute) 
by the internal combustion turbine by way of the main 
line 3. The blow-off line 14 need not be suitable for dis- 
charging flue gases from the internal combustion turbine 
1 , since these flue gases can be discharged by way of 
the main line 3 through the steam boiler 4. 
[0034] In the circuit according to Fig. 2, isolated oper- 
ation of the internal combustion turbine 1 is not possible, 
since the blow-off line 14 is unsuitable for discharging 
the flue gases of the internal combustion turbine 1 . 
[0035] For starting up the internal combustion turbine 
1 in parallel operation of the internal combustion turbine 
1 and the boiler 4, the main line valve 5' is opened. The 



internal combustion turbine 1 is first put into operation 
up to a minimum electric load of a few per cent. The 
boiler 4 is then put into operation, after which the internal 
combustion turbine 1 is brought up to the desired load. 
5 The load of the boiler 4 follows the load of the internal 
combustion turbine 1 . 

[0036] For stopping the plant in parallel operation of 
the internal combustion turbine 1 and the boiler 4, the 
internal combustion turbine 1 is brought down to a min- 

10 imum load, after which the internal combustion turbine 
is put out of operation. The boiler 4 is subsequently put 
out of operation. In this case also, the load of the boiler 
4 follows the load of the internal combustion turbine 1 . 
[0037] If both the internal combustion turbine 1 and 

*5 the boiler 4 are in operation and the internal combustion 
turbine 1 unexpectedly breaks down (the internal com- 
bustion turbine trips), the latter will run down through its 
mass inertia. In order to minimize the disruption to the 
steam production of the boiler 4, a change-over is made 

20 to the auxiliary burner 12. Forthis purpose, the following 
occurs in a predetermined manner: 

the fan 10 is put into operation; 

the air supply line valve 1 1 is opened when the fan 

25 1 o supplies sufficient pressu re, the fan 1 0 supplying 
an air stream in accordance with its capacity curve, 
depending on the counterpressure from the boiler 
4, and the air output automatically increasing further 
as the output of the gases coming from the internal 

30 combustion turbine 1 falls; 

the blow-off line 15 is opened and the main line 
valve 5' closed when the rotational speed of the in- 
ternal combustion turbine 1 has become lower than 
the blow-off rotational speed; and 

35 - the auxiliary burner 12 is put into operation at low 
capacity (if it was not already in operation) and is 
brought up to capacity. 

[0038] The internal combustion turbine 1 now runs 
40 down further by way of the blow-off line 1 4. 

[0039] If the internal combustion turbine 1 and the 
boiler 4 are both in operation and the internal combus- 
tion turbine 1 is put out of operation in a planned manner 
without putting the boiler 4 out of operation, the following 
45 occurs in a predetermined manner: 

the fan 10 is put into operation; 

the air supply line valve 1 1 is opened when the fan 

1 0 supplies sufficient pressure, the fan design being 

50 such that the fan can supply a minimum quantity of 
air at full counterpressure from the boiler 4; 
the auxiliary burner 12 is put into operation at low 
capacity (if it was not already in operation); 
the internal combustion turbine 1 is brought down 

55 to a minimum load; 

- the internal combustion turbine 1 is put out of oper- 
ation, after which it runs down further to the boiler 4; 
the blow-off line valve 15 is opened and the main 
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line valve 5' closed when the rotational speed of the 
internal combustion turbine 1 has become lower 
than the blow-off rotational speed; 
the auxiliary burner 12 is brought up to load; and 
the internal combustion turbine 1 is enabled to run 
down completely by way of the blow-off line 14. 

[0040] If the fan 10, the auxiliary burner 12 and the 
boiler 4 are in operation and the fan 1 0 is put out of op- 
eration in a ptanned manner, and the internal combus- 
tion turbine 1 is put into operation in a planned manner, 
without the boiler 4 being put out of operation, the fol- 
lowing occurs in a predetermined manner: 

- with the main line valve 5' closed and the blow-off 
line valve 15 open, the internal combustion turbine 
1 is brought by means of a starting motor to a start- 
ing rotational speed of approximately 500-800 rev- 
olutions per minute, the internal combustion turbine 
1 being vented in order to discharge any combusti- 
ble components which might still be present in it; 
the blow-off line valve 1 5 is partially closed in order 
to make the pressures upstream and downstream 
of the main line valve 5' substantially equal to each 
other; 

the main line valve 5' is opened; 
the blow-off line valve 1 5 is closed, both the fan 1 0 
and the internal combustion turbine 1 conveying air 
to the auxiliary burner 12, which produces an auto- 
matic decrease in the air output supplied by the fan 
1 0 in accordance with its characteristic, with the re- 
sult that the total gas flow through the boiler 4 and 
the pressure at the inlet of the boiler 4 increase only 
slightly; 

the internal combustion turbine 1 is started up fur- 
ther, the combustion being started so that the inter- 
nal combustion turbine subsequently fires and pro- 
duces flue gases, and so that both the gas stream 
generated by the internal combustion turbine 1 and 
its temperature increase; 

the supply of fuel to the auxiliary burner 12 is re- 
duced, the air output supplied by the fan 10 auto- 
matically decreasing when the output of the gases 
coming from the internal combustion turbine 1 in- 
creases; 

the air supply line valve 11 is closed; 
the fan 1 0 is put out of operation; and 
the auxiliary burner 1 2 is brought back to a low ca- 
pacity and, if desired, put out of operation. 

Claims 

1 . Combined heat and power plant, comprising: 

an internal combustion turbine (1); 
a steam boiler (4); 

a main line (3) which connects an outlet of the 



internal combustion turbine (1) to an inlet of the 
boiler (4), for discharging gases from the inter- 
nal combustion turbine (1 ) to the boiler (4); 
a main line valve (5), accommodated in the 

5 main line (3); for opening and closing the latter 

in a controllable manner; 
an air supply line (9) which opens out into the 
main line (3) downstream of the main line valve 
(5) and in which a fan (10) for supplying com- 

10 bustion air to the main line (3) is accommodat- 

ed; 

an air supply line valve (11), accommodated in 
the air supply line (9) downstream of the fan 
(10), for opening and closing the air supply line 

15 (9) in a controllable manner; 

a burner (12) accommodated in the main line 
(3) downstream of the air supply line (9); and a 
line (1 4) conducting the gases from the internal 
combustion turbine (1) into the atmosphere, 

20 which line (14) is fitted between the internal 

combustion turbine (1 ) and the main line valve 
(5) and in which a valve (15) is accommodated 
for opening and closing the line (14) in a con- 
trollable manner, 

25 

characterized In that the line is designed as a 
blow-off line (14) with a blow-off line valve (15), 
whereby the blow-off line (14) being adapted to dis- 
charge at most the gas output generated by the in- 
30 ternal combustion turbine (1 ) at a blow-off rotational 
speed which is lower than the nominal rotational 
speed. 

2. Combined heat and power plant according to claim 
35 1, characterized In that the blow-off rotational 
speed is substantially equal to the starting rotational 
speed at which the internal combustion turbine is 
started. 

40 3. Combined heat and power plant according to claim 
1 or 2, characterized In that the blow-off line (14) 
between the internal combustion turbine (1 ) and the 
main line valve (5') is the line descending from the 
main line (3) with the highest gas throughputcapac- 

45 ity, higher than that of any other descending line. 

4. Combined heat and power plant according to any 
of claims 1-3, characterized in that the main line 
valve (5') is provided with emergency opening 

so means (5'b). 

5. Combined heat and power plant according to any 
of claims 1 -4, characterized in that the character- 
istic of the fan (10) is selected in such a way that 

55 the output of the fan (10) falls when there is an in- 
crease in pressure at the delivery side of the fan 
(10). 
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6. Combined heat and power plant according to claim 

5, characterized In that the blow-off rotational 
speed is lower than about a thousand revolutions 
per minute. 

7. Combined heat and power plant according to claim 

6, characterized In that the blow-off rotational 
speed lies between about five hundred and eight 
hundred revolutions per minute. 

8. Method for operating the combined heat and power 
plant according to any of claims 1 -7, characterized 
In that during the operation of the internal combus- 
tion turbine (1) and the boiler (4) and subsequent 
unexpected breakdown of the internal combustion 
turbine (1 ) the following steps are carried out: 

- the fan (1 0) is put into operation; 

the air supply line valve (11) is opened when 
the fan (1 0) supplies sufficient pressure, the fan 
(1 0) supplying an air stream in accordance with 
its capacity curve, depending on the counter- 
pressure from the boiler (4), and the air output 
automatically increasing further as the output 
of the gases coming from the internal combus- 
tion turbine (1) falls; 

the blow-off line valve (15) is opened and the 
main 35 line valve (5') closed when the rotation- 
al speed of the internal combustion turbine (1) 
has become lower than the blow-off rotational 
speed; 

if the burner (12) is not yet in operation, it is put 
into operation at low capacity; and 

- the burner (1 2) is brought up to load. 

9. Method for operating the combined heat and power 
plant according to any of claims 1 -8, characterized 
in that during operation of the internal combustion 
turbine (1 ) and the boiler (4) and subsequent putting 
out of operation of the internal combustion turbine 
(1) and putting into operation of the burner (12) in 
a planned manner, the following steps are carried 
out: 

- the fan (1 0) is put into operation; 

the air supply line valve (11) is opened when 
the fan (1 0) supplies sufficient pressure, the fan 
design being such that the fan can supply a 
minimum quantity of air at full counterpressure 
from the boiler (4); 

the internal combustion turbine (1) is brought 
down to a minimum load; 
the internal combustion turbine (1 ) is put out of 
operation, after which it runs down further to the 
boiler (4); 

- the blow-off line valve (15) is opened and the 
main line valve (5') is closed when the rotational 
speed of the internal combustion turbine (1 ) has 



become lower than the blow-off rotational 
speed; 

if the burner (1 2) is not yet in operation , it is put 
into operation at low capacity; 
5 - the burner (12) is brought up to load; and 

the internal combustion turbine (1) is enabled 
to run down completely by way of the blow-off 
line (14). 

10 10. Method for operating the combined heat and power 
plant according to any of claims 1 -9, characterized 
in that during operation of the fan (10), the burner 
(12) and the boiler (4) and subsequent putting out 
of operation of the fan (10) and putting into opera- 

15 tion of the internal combustion turbine (1) in a 
planned manner, the following steps are carried out: 

with the main line valve (5') closed and the 
blow-off line valve (15) open, the internal com- 
20 bustion turbine (1) is brought by means of a 

starting motor to a starting rotational speed, the 
internal combustion turbine (1) being ventilat- 
ed; 

- the blow-off line valve (1 5) is partially closed in 
25 order to make the pressures upstream and 

downstream of the main line valve (5') substan- 
tially equal to each other; 
the main line valve (5)* is opened; 

- the blow-off line (1 5) is closed, both the fan (1 0) 
30 and the internal combustion turbine (1 ) supply- 
ing air to the burner (12); 

the internal combustion turbine (1 ) is started up 
further; 

- the supply of fuel to the burner (1 2) is reduced 
35 and the air output supplied by the fan (1 0) au- 
tomatically decreases as the output of the gas- 
es coming from the internal combustion turbine 
(1) increases; 

the air supply line valve (1 1 ) is closed; 
40 - the fan (1 0) is put out of operation; 

the burner (1 2) is brought to a low capacity; and 
if desired, the burner (12) is put out of opera- 
tion. 

45 

Patentanspruche 

1 . Blockheizkraftwerk umfassend: 

50 - eine Gasturbine (1), 

- einen Dampfkessel (4), 

- eine Hauptleitung (3), die den Ausgang der 
Gasturbine (1) mit einem Eingang des Kessels 
(4) verbindet, urn die Gase aus der Gasturbine 

55 (1) in den Kessel (4) abzufiihren, 

- ein Hauptleitungsventil (5), das in der Hauptlei- 
tung (3) angeordnet ist, urn letzteres regelbar 
zu offnen und zu schlieBen, 
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eine Luftzufuhrleitung (9), die sich in die Haupt- 
leitung (3) unterhalb des Hauptleitungsventils 
(5) offnet und in der ein Lufter (1 0) fur die Zuf uhr 
von Verbrennungsluft in die Hauptleitung (3) 
angeordnet ist, 

ein Luftzufuhrleitungsventil (11), das in der Luft- 
zufuhrleitung (9) unterhalb des Lufters (10) an- 
geordnet ist, urn die Luftzufuhrleitung (9) regel- 
bar zu offnen und zu schlieBen, 
einen Brenner (12), der in der Hauptleitung (3) 
unterhalb der Luftzufuhrleitung (9) angeordnet 
ist, und 

eine Leitung (14), die die Gase aus der Gastur- 
bine (1) in die Atmosphare leitet, wobei die Lei- 
tung (14) zwischen derGasturbine (1) und dem 
Hauptleitungsventil (5) angeordnet ist, und in 
der ein Ventil (15) angeordnet ist, um die Lei- 
tung (14) regelbarzu offnen und zu schlie3en, 

dadurch gekennzelchnet, dass die Leitung als ei- 
ne Abblasleitung (1 4) mit einem Abblasleitungsven- 
til (15) ausgebildet ist, wobei die Abblasleitung (14) 
geeignet ist, den Gasaustrag, der von der Gastur- 
bine (1) erzeugt wird, hochstens mit einer Abblas- 
drehzahl abzufuhren, die niedriger ist als die Nomi- 
naldrehzahl. 

2. Blockheizkraftwerk nach Anspruch 1 , dadurch ge- 
kennzelchnet, dass die Abblasdrehzahl im We- 
sentlichen gleich der Anfangsdrehzahl ist, mit der 
die Gasturbine anlauft. 

3. Blockheizkraftwerk nach Anspruch 1 oder 2, da- 
durch gekennzelchnet, dass die Abblasleitung 
(14) zwischen derGasturbine (1) und dem Haupt- 
leitungsventil (5') die Leitung ist, die von der Haupt- 
leitung (3) mit der hochsten Gasdurchsatzleistung 
absteigt, die hoher ist als die jeder anderen abstei- 
genden Leitung. 

4. Blockheizkraftwerk nach einem der Anspruche 1 bis 

3, dadurch gekennzelchnet, dass das Hauptlei- 
tungsventil (5') mit Notoffnungsmitteln (5'b) verse- 
hen ist. 

5. Blockheizkraftwerk nach einem der Anspruche 1 bis 

4, dadurch gekennzelchnet, dass die Kennlinie 
des Lufters (10) so ausgewahlt wird, dass der Aus- 
trag des Lufters (1 0) abfallt, wenn der Druck an der 
Forderseite des Lufters (10) ansteigt 

6. Blockheizkraftwerk nach Anspruch 5, dadurch ge- 
kennzelchnet, dass die Abblasdrehzahl unter et- 
wa tausend Umdrehungen in der Minute liegt. 

7. Blockheizkraftwerk nach Anspruch 6, dadurch ge- 
kennzelchnet, dass die Abblasdrehzahl zwischen 
etwa funf hundert und achthundert Umdrehungen in 



der Minute betragt. 

8. Verfahren zum Betreiben eines Blockheizkraft- 
werks nach einem der Anspruche 1 bis 7, dadurch 

s gekennzelchnet, dass wan rend des Betriebs der 
Gasturbine (1 ) und des Kessels (4) und nach einem 
unerwarteten Ausfall der Gasturbine (1 ) die folgen- 
den Schritte ablaufen: 

10 - der Lufter (1 0) wird eingeschaltet, 

das Luftzufuhrleitungsventil (1 1 ) wird geoffnet, 
wenn der Lufter (10) einen ausreichenden 
Druck zufuhrt, wobei der Lufter (10) einen Luft- 
strom entsprechend seiner Leistungskurve ab- 

is hangig von dem Gegendruck von dem Kessel 

(4) zufuhrt und der Luftaustrag automatisch 
weiter in dem MaB ansteigt, in dem der Gas- 
austrag aus der Gasturbine 1 sinkt, 
die Abblasleitung (15) wird geoffnet und das 

20 Hauptleitungsventil (5') geschlossen, wenn die 

Drehzahl derGasturbine (1) unter die Abblas- 
drehzahl gesunken ist, 

wenn der Brenner (12) noch nicht eingeschaltet 
ist, wird er mit geringer Leistung eingeschaltet, 
25 und 

der Brenner (12) wird auf seine Belastung 
hochgefahren. 

9. Verfahren zum Betreiben eines Blockheizkraft- 
30 werks nach einem der Anspruche 1 bis 8, dadurch 

gekennzelchnet, dass wan rend des Betriebs der 
Gasturbine (1) und des Kessels (4) und nach dem 
geplanten Abschalten der Gasturbine (1) und Ein- 
schalten des Brenners (12) die folgenden Schritte 
35 ablaufen: 

der Lufter (1 0) wird eingeschaltet, 
das Luftzufuhrleitungsventil (11) wird geoffnet, 
wenn der Lufter (10) einen ausreichenden 
40 Druckzufuhrt, wobei der Lufterso ausgelegt ist, 

dass der Lufter eine Mindestmenge Luft bei vol- 
lem Gegendruck von dem Kessel (4) zufuhren 
kann, 

die Gasturbine (1) wird auf eine Mindestlei- 

45 stung heruntergefahren, 

die Gasturbine (1 ) wird abgeschaltet, wonach 
sie weiter zum Kessel (4) herunter lauft, 
das Abblasleitungsventil (15) wird geoffnet und 
das Hauptleitungsventil (5') geschlossen, wenn 

50 die Drehzahl der Gasturbine (1) unter die Ab- 

blasdrehzahl gesunken ist, 
wenn der Brenner (12) nicht bereits eingeschal- 
tet ist, wird er mit niedriger Leistung einge- 
schaltet, 

55 - der Brenner (12) wird hochgefahren, und 

die Gasturbine (1) wird in die Lage versetzt, 
vollstandig uber die Abblasleitung (14) ganz 
herunter zu fahren. 



8 



15 



EP0 967 366 B1 



16 



10. Verfahren zum Betreiben eines Blockheizkraft- 
werks nach einem der Anspruche 1 bis 9, dadurch 
gekennzelchnet, dass beim Betrieb des Lufters 
(10), des Brenners (12) und des Kessels (4) und 
anschlieBend an das geplante Abschalten des Luf- 
ters (10) und Einschalten derGasturbine (1) diefol- 
genden Schritte ablaufen: 

bei geschlossenem Hauptleitungsventil (5') 
und offenem Abblasleitungsventil (15) wird die 
Gasturbine (1) mit einen Startermotor auf die 
Anfangsdrehzahl gebracht, wobei die Gastur- 
bine (1 ) entluftet wird, 

das Abblasleitungsventil (1 5) wird teilweise ge- 
schlossen, urn die Drucke oberhalb und unter- 
halb des Hauptleitungsventils (5') im Wesentli- 
chen einander anzugleichen, 
das Hauptleitungsventil (5') wird geoffnet, 
die Abblasleitung (15) wird geschlossen, wobei 
sowohl der Lufter (10) als auch die Gasturbine 
(1) Luftzum Brenner (12) befordern, 
die Gasturbine (1 ) lauft weiter an, 
die Zufuhr von Brennstoff zum Brenner (12) 
wird reduziert und der Luftaustrag, der durch 
den Lufter (10) zugefuhrt wird, geht automa- 
tisch herunter, wenn der Gasaustrag aus der 
Gasturbine (1) zunimmt, 
das Luftzufuhrleitungsventil (1 1 ) wird geschlos- 
sen, 

der Lufter (1 0) wird abgeschaltet, 

der Brenner (1 2) wird auf eine geringe Leistung 

gebracht, und 

der Brenner (1 2) wird gegebenenfalls abgeschaltet. 



Revendications 

1 . Centrale mixte de production de chaleur et d'ener- 
gie, comprenant : 

une turbine a combustion interne (1) ; 
une chaudiere a vapeur (4) ; 
une conduite principale (3) qui relie une sortie 
de la turbine a combustion interne (1 ) a une en- 
tree de la chaudiere (4) pour conduire des gaz 
de la turbine a combustion interne (1 ) a la chau- 
diere (4) ; 

une vanne de conduite principale (5), installee 
sur la conduite principale (3), pour ouvrir et ter- 
mer cette derniere de facon contrSlee ; 
une conduite d'alimentation en air (9) qui de- 
bouche dans la conduite principale (3) en aval 
de la vanne de conduite principale (5) et dans 
laquelle est installed un ventilateur (10) pour 
fournir de I'air de combustion a la conduite prin- 
cipale (3) ; 

une vanne de conduite d'alimentation en air 



(11), installee sur la conduite d'alimentation en 
air (9) en aval du ventilateu r (1 0) , pour ouvrir et 
fermer la conduite d'alimentation en air (9) de 
facon contr&lee ; 
5 un bruleur (1 2) installe sur la conduite principa- 

le (3) en aval de la conduite d'alimentation en 
air (9) ; et 

une conduite (14) deversant les gaz de la tur- 
bine a combustion interne (1) dans I'atmosphe- 
10 re, laquelle conduite (14) est Inser6e entre la 

turbine a combustion interne (1) et la vanne de 
conduite principale (5) et dans laquelle est ins- 
talled une vanne (15) pour ouvrir et fermer la 
conduite (14) de facon contrdlee, 

15 

caracterisee en ce que la conduite est con- 
cue comme une conduite de d6charge (14) avec 
une vanne de conduite de decharge (15), moyen- 
nant quoi la conduite de decharge (14) est adaptee 
20 pour 6vacuer au maximum le debit de gaz produit 
par la turbine a combustion interne (1) a un regime 
de purge qui est interieur au regime nominal. 

2. Centrale mixte de production de chaleur et d'6ner- 
25 gje selon la revendication 1 , caracterisee en ce 
que le regime de purge est sensiblement egal au 
regime de d6marrage auquel on demarre la turbine 
a combustion interne. 

30 3. Centrale mixte de production de chaleur et d'6ner- 
gie selon la revendication 1 ou 2, caracterisee en 
ce que la conduite de decharge (1 4) entre la turbine 
a combustion interne (1) et la vanne de conduite 
principale (5') est la conduite d^rivee de la conduite 

35 principale (3) ayant le plus haut debit de gaz, supe- 
rieur a celui de toute autre conduite derived. 

4. Centrale mixte de production de chaleur et d'6ner- 
gie selon I'une des revendications 1 a 3, caracteri- 

40 see en ce que la vanne de conduite principale (5') 
estpourvue demoyens d'ouverture d'urgence (5'b). 

5. Centrale mixte de production de chaleur et d'6ner- 
gie selon I'une des revendications 1 a 4, caracteri- 

45 see en ce que Ton choisit les caracteristiques du 
ventilateur (1 0) de telle maniere que le deM du ven- 
tilateur (10) baisse quand il y a une augmentation 
de pression du c6t6 du refoulement du ventilateur 
(10). 

50 

6. Centrale mixte de production de chaleur et d'6ner- 
gie selon la revendication 5, caracterisee en ce 
que le regime de purge est inferieur a environ un 
millier de tours par minute. 

55 

7. Centrale mixte de production de chaleur et d'6ner- 
gie selon la revendication 6, caracterisee en ce 
que le regime de purge se situe entre environ cinq 
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cents et huit cents tours par minute. 

8. Proc6d6 pour faire fonctionner la centrale mixte de 
production de chaleur et d'energie selon Tune des 
revendications 1 a 7, caracterise en ce que pen- s 
dant le fonctionnement de la turbine a combustion 
interne (1) et de la chaudiere (4) et une panne im- 
prevue ulterieure de la turbine a combustion interne 

(1) on execute les etapes suivantes : 

10 

on met en marche le ventilateur (10) ; 
on ouvre la vanne de conduite d'alimentation 
en air (11) quand le ventilateur (10) fournit une 
pression suffisante, le ventilateur (10) fournis- 
sant un flux d'air conform§ment a sa courbe de ^ 
capacite, en fonction de la contre-pression en 
provenance de la chaudiere (4), et le debit d'air 
s'accroissant automatiquement au fur et a me- 
sure que baisse le debit des gaz provenant de 
la turbine a combustion interne (1) ; 20 
on ouvre la vanne de conduite de d6charge (1 5) 
et on femne la vanne de conduite principale (5 1 ) 
quand le regime de la turbine a combustion in- 
terne (1) est devenu inferieur au regime de 
purge ; 25 
si le brQIeur (12) ne fonctionne pas deja, on le 
met en marche a faible puissance ; et 
on monte le bruleur (12) a pleine puissance, 

9. Procede pour faire fonctionner la centrale mixte de so 
production de chaleur et d'energie selon Tune des 
revendications 1 a 8, caracterise en ce que pen- 
dant le fonctionnement de la turbine a combustion 
interne (1) et de la chaudiere (4) et, ulterieurement 

et de maniere programmee, un arret du fonctionne- 35 
ment de la turbine a combustion interne (1) et une 
miseen marche du brQIeur (12), on execute les eta- 
pes suivantes : 

on met en marche le ventilateur (10); *o 
on ouvre la vanne de conduite d'alimentation 
en air (11) quand le ventilateur (10) fournit une 
pression suffisante, la conception du ventila- 
teur etant telle que le ventilateur puisse fournir 
une quantit6 minimale d'air meme quand la 
contre-pression en provenance de la chaudiere 
(4) est maximale ; 

on ralentit la turbine a combustion interne (1) 

jusqu'a une charge minimale ; 

on arrete le fonctionnement de la turbine a com- so 

bustion interne (1), apres quoi I'arret s'etend 

jusqu'a la chaudiere (4) ; 

on ouvre la vanne de conduite de decharge (1 5) 

et on ferme la vanne de conduite principale (5 1 ) 

quand le regime de la turbine a combustion in- 55 

teme (1) est devenu inferieur au regime de 

purge ; 

si le bruleur (12) ne fonctionne pas deja, on le 



met en marche a faible puissance ; 
on monte le brQIeur (1 2) a pleine puissance ; et 
on permet a la turbine a combustion interne (1 ) 
de s'arreter completement au moyen de la con- 
duite de decharge (14). 

10. ProcedS pour faire fonctionner la centrale mixte de 
production de chaleur et d'energie selon I'une des 
revendications 1 a 9, caracterise en ce que pen- 
dant le fonctionnement du ventilateur (10), du brQ- 
Ieur (12) et de la chaudiere (4) et, ulterieurement et 
de maniere programmee, un arret du fonctionne- 
ment du ventilateur (10) et une mise en marche de 
la turbine a combustion interne (1), on execute les 
etepes suivantes : 

avec la vanne de conduite principale (5') fer- 
mee et la vanne de conduite de decharge (15) 
ouverte, on monte la turbine a combustion in- 
terne (1) jusqu'a son regime de demarrage au 
moyen d'un moteur de demarrage, la turbine a 
combustion interne (1) etant ventilee ; 
on ferme partiellement la vanne de conduite de 
decharge (15) de facon a rendre les pressions 
en amont et en aval de la vanne de conduite 
principale (5') sensiblement 6gales entre elles ; 
on ouvre la vanne de conduite principale (5') ; 
on ferme la vanne de conduite de d6charge 
(15), le ventilateur (10) etla turbine a combus- 
tion interne (1 ) fournissant tous les deux de I'air 
au bruleur (12) ; 

on poursuit le demarrage de la turbine a com- 
bustion interne (1) ; 

on reduit I'alimentation en carburant du bruleur 
(12) et le debit d'air fourni par le ventilateur (1 0) 
decroTt automatiquement au fur et a mesure 
que croTt le debit des gaz provenant de la tur- 
bine a combustion interne (1) ; 
on ferme la vanne de conduite d'alimentation 
en air (11) ; 

on arrete le fonctionnement du ventilateur (1 0) ; 
on met le bruleur (1 2) a faible puissance ; et 
si on le souhaite, on arr§te le fonctionnement 
du brQIeur (12). 
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Abstract of EP0967366 

A combined heat and power plant comprises an internal combustion engine (1 ); a steam boiler (4); a main 
line (3) which connects an outlet of the internal combustion engine (1 ) to an inlet of the boiler, for 
discharging gases from the internal combustion engine (1) to the boiler (4); a main line valve (5'), 
accommodated in the main line (3), for opening and closing the latter in a controllable manner; an air 
supply line (9) which opens out into the main line (3) downstream of the main line valve (5') and in which a 
fan (10) for supplying combustion air to the main line (3) is accommodated; an air supply line valve (11), 
accommodated in the air supply line (9) downstream of the fan (10), for opening and closing the air supply 
line (9) in a controllable manner; and a burner (12) accommodated in the main line (3) downstream of the 
air supply line (9). Upstream of the main line valve (5'), the main line (3) is provided with a blow-off line 
(14) which blows off into the atmosphere, and in which a blow-off line valve (15) is accommodated for 
opening and closing the blow-offline (14) in a controllable manner. The blow-off line (14) is designed to 
discharge at most the gas output generated by the internal combustion engine (1 ) at a blow-off rotational 
speed which is lower than the nominal rotational speed. 
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